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WIND GENERATOR SYSTEM WITH 
MULTIPLE TURBINES 

This application claims benefit of and priority to U.S. 
Provisional Application No. 61/836,694, filed Jun. 19, 2013, 
and is entitled to that filing date for priority. The specifica 
tion, figures and complete disclosure of U.S. Provisional 
Application No. 61/836,694 are incorporated herein by 
specific reference for all purposes. 

FIELD OF INVENTION 

This invention relates to a system for generation of wind 
energy through multiple wind turbines. 

BACKGROUND OF INVENTION 

Wind energy or wind power refers to the process by which 
the wind is used to generate mechanical power or electricity. 
Wind turbines convert the kinetic energy of the wind into 
mechanical power and that mechanical power is used to 
generate electricity. The generation of electricity by wind 
turbines is dependent on the strength of the wind at any 
given moment. Wind farm sites are chosen after careful 
analysis to determine the pattern of the wind regime, includ 
ing its relative strength and direction at different times of the 
day and year. 

In a conventional wind turbine, a large tower rests on a 
deep, Solid foundation, Supporting a nacelle with rotating 
blades at the top of the tower, the nacelle containing a 
gearbox, generator, power electronic devices, and yaw 
mechanism. The radius of the blades is large, as is the total 
weight carried by the tower. As a result, conventional wind 
turbines begin to produce power at wind speeds of about 4 
m/s (9 mph) (i.e., the cut-in wind speed, or minimum wind 
speed needed to generate electricity), achieve rated power at 
approximately 12 m/s (29 mph), and stop power production 
at 25 m/s (56 mph). Examples of wind turbines are described 
in U.S. Pat. No. 8,729,721 (Borgen et al.), U.S. Pat. No. 
8,721,258 (Ericksen et al.), and U.S. Pat. No. 8,669,672 
(Stiesdal), all of which are incorporated herein by specific 
reference for all purposes. 

SUMMARY OF INVENTION 

In various embodiments, the present invention comprises 
a system for generating wind energy or wind power through 
multiple wind turbines. Each wind turbine can be smaller 
than a single conventional wind turbine. A series of wind 
turbines are mechanically connected by a chain, cable, or 
similar mechanical linkage to each other and to a single 
generator, which is located elsewhere (i.e., not in the nacelle 
or on the turbine tower). This permits the size and weight of 
each turbine to be reduced, resulting in the ability to 
generate electricity at lower wind speeds (e.g., where the 
wind speed is below the cut-in wind speed of 4 m/s or 9 mph 
for conventional wind turbines). The reduction in size and 
weight also reduces the inertia of each turbine, increasing its 
efficiency. 
The system of the present invention thus increases the 

number of locations where wind farms can be located, and 
also increases the capacity for power generation at any 
location due to the increase in the wind speed range where 
power generation is possible. Further, the present system can 
allow for the implementation of a higher capacity single 
wind generator in a particular location, in contrast to a wind 
generator driven by a single turbine. The system also allows 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
for future growth in the capacity of generators due to the use 
of higher-rated power electronic devices. 

In one exemplary embodiment, the system comprises a 
plurality of wind turbines mechanically connected to each 
other, and to a single generator. In the embodiment shown, 
three turbines are shown, although the present system can 
work with any number of turbines, and some advantages can 
be achieved even with a single wind turbine. Each turbine 
comprises a number of turbine blades connected to a hub at 
the top of a pole or tower. The hub has a shaft mechanically 
connected to a set of Sprockets, chainwheels, cranks, or 
pulleys, which may be exposed or covered (such as in a 
modified nacelle). A pitch control mechanism may be 
employed as well. 
The sprockets, chainwheels, cranks or pulleys on adjacent 

turbines are connected by a chain, cable, or similar mechani 
cal linkage. In the embodiment shown, at least two sprock 
ets, chainwheels, cranks or pulleys are used, with each being 
mechanically connected to a corresponding sprocket, chain 
wheel, crank or pulley on an adjacent turbine in the case 
where a turbine is located between two turbines. In the case 
where a turbine is on the end of a line or sequence of 
turbines, it will only be connected to one adjacent turbine. 
An electrical generator is similarly mechanically linked to 

at least one of the turbines. The generator is linked by a 
chain to a third gear, crank or pulley on the middle turbine 
of a sequence of three or more. The electrical generator may 
be located on the ground, on a platform, on a pole, or other 
location. This allows the individual turbines to be lighter, 
thereby reducing the total load on the tower or pole. In one 
embodiment, the generator may be located in the nacelle of 
one of the turbines in the sequence, and that tower or pole 
may be increased in strength to handle the increase in total 
load. 

In various embodiments, the present invention possesses 
several advantages over the prior art. No gearbox, electric 
generator, power electronic devices, or yaw mechanisms 
need be placed at the top of the tower, thereby reducing the 
total weight carried by the tower. Gear ratio can be main 
tained by proper selection of the gears and cranks of the 
generator and the turbine, so no conventional gearbox is 
required. The mechanical energy of multiple turbines is 
accumulate to the shaft of a single large generator. The 
number of generator and power electronic interfaces and 
systems is reduced, thereby reducing overall construction 
and installation costs and maintenance costs. In systems 
where the generator is set near the ground, maintenance and 
repair are Substantially easier. 

Another significant advantage is the reduction in the 
radius of the blades of each wind turbine, which decreases 
based on the number of wind turbines. This reduces the size 
and weight of each turbine, which reduces construction and 
installation costs as well as maintenance and repair costs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a view of a multiple-turbine system in 
accordance with an embodiment of the present invention. 

FIG. 2 shows a crank for use with the multiple-turbine 
system of FIG. 1. 

DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

In various embodiments, the present invention comprises 
a system for generating wind energy or wind power through 
multiple wind turbines. Each wind turbine can be smaller 
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than a single conventional wind turbine. A series of wind 
turbines are mechanically connected by a chain, cable, or 
similar mechanical linkage to each other and to a single 
generator, which is located elsewhere (i.e., not in the nacelle 
or on the turbine tower). This permits the size and weight of 
each turbine to be reduced, resulting in the ability to 
generate electricity at lower wind speeds (e.g., where the 
wind speed is below the cut-in wind speed of 4 m/s or 9 mph 
for conventional wind turbines). The reduction in size and 
weight also reduces the inertia of each turbine, increasing its 
efficiency. 
The system of the present invention thus increases the 

number of locations where wind farms can be located, and 
also increases the capacity for power generation at any 
location due to the increase in the wind speed range where 
power generation is possible. Further, the present system can 
allow for the implementation of a higher capacity single 
wind generator in a particular location, in contrast to a wind 
generator driven by a single turbine. The system also allows 
for future growth in the capacity of generators due to the use 
of higher-rated power electronic devices. 
As seen in FIG. 1, in one exemplary embodiment the 

system comprises a plurality of wind turbines 2 mechani 
cally connected to each other, and to a single generator 20. 
In the embodiment shown, three turbines are shown, 
although the present system can work with any number of 
turbines, and some advantages can be achieved even with a 
single wind turbine. Each turbine comprises a number of 
turbine blades 4 connected to a hub 6 at the top of a pole or 
tower 8. The hub has a shaft mechanically connected to a set 
of sprockets, chainwheels, cranks, or pulleys 10, which may 
be exposed or covered (such as in a modified nacelle 18). A 
pitch control mechanism may be employed as well. 
The sprockets, chainwheels, cranks or pulleys 10 on 

adjacent turbines 2 are connected by a chain, cable, or 
similar mechanical linkage 12. In the embodiment shown, at 
least two sprockets, chainwheels, cranks or pulleys are used, 
with each being mechanically connected to a corresponding 
sprocket, chainwheel, crank or pulley on an adjacent turbine 
in the case where a turbine is located between two turbines. 
This allows the sprockets, chainwheels, cranks or pulleys on 
a turbine to be at different angles or alignments, so that while 
adjacent turbines in a series or sequence may be in a 
straight-line alignment, they need not be. In the case where 
a turbine is on the end of a line or sequence of turbines, it 
will only be connected to one adjacent turbine. 

FIG. 2 shows an example of a crank 10, which may be 
made of hard metal or other suitable material. In several 
embodiments, it is solidly coupled with the shaft of the wind 
turbine, and is used to connect the multiple turbines through 
the mechanical linkages described herein. 
An electrical generator 20 is similarly mechanically 

linked to at least one of the turbines. In the embodiment 
shown in FIG. 1, the generator 20 is linked (through a 
sprocket, chainwheel, crank or pulley 26 on the generator) 
by a chain, cable, or similar mechanical linkage 24 to a 
power connection gear or third gear, crank or pulley 28 on 
the middle turbine of a sequence of three, although it may be 
linked to any of the turbines. The electrical generator may be 
located on the ground, on a platform 22, on a pole, or other 
location. This allows the individual turbines to be lighter 
(due to the absence of a generator on the turbine itself), 
thereby reducing the total load on the tower or pole. In one 
embodiment, the generator may be located in the nacelle of 
one of the turbines in the sequence, and that tower or pole 
may be increased in strength to handle the increase in total 
load. 
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4 
In various embodiments, the present invention possesses 

several advantages over the prior art. No gearbox, electric 
generator, power electronic devices, or yaw mechanisms 
need be placed at the top of the tower, thereby reducing the 
total weight carried by the tower. Gear ratio can be main 
tained by proper selection of the gears and cranks of the 
generator and the turbine, so no conventional gearbox is 
required. The mechanical energy of multiple turbines is 
accumulated to the shaft of a single large generator. The 
number of generator and power electronic interfaces and 
systems is reduced, thereby reducing overall construction 
and installation costs and maintenance costs. In systems 
where the generator is set near the ground, maintenance and 
repair are Substantially easier. 

Another significant advantage is the reduction in the 
radius of the blades of each wind turbine, which decreases 
based on the number of wind turbines. This reduces the size 
and weight of each turbine, which reduces construction and 
installation costs as well as maintenance and repair costs. 
For example, 6 MW of power can be generated by multiple 
turbine systems with the number of turbines and turbine 
radii as set forth below: 

To generate power of 6 MW (Assuming 5% mechanical power 
loss for multiple turbines); Air Density = 1.225 kg/m: 

Wind speed = 11 m/s. Power coefficient = 0.45 

Length of the chain in between 
consecutive two turbines in meter 
(Considering the clearance between Number of Wind Radius of each 

Turbine Turbine in meter two turbines = 3 m) 

1 74.O Chain is not required. 
3 42.7 88.4 
6 30.2 63.4 
8 26.1 55.2 
10 23.4 49.8 
14 19.8 42.6 
2O 16.5 36.0 
25 14.8 32.6 

Accordingly, the present invention will help implement 
higher capacity electrical generator Systems, may be used in 
locations where the average or typical wind speed is below 
the cut-in wind speed for conventional wind turbines, and 
will lower the weight of each turbine and thus the construc 
tion and maintenance costs of each turbine. Further, a system 
of the present invention will be lower in construction and 
maintenance costs than a convention wind turbine genera 
tion system having the same power capacity. 
The total torque captured by the multiple turbines may be 

determined as follows. Assume n numbers of wind turbines 
having the same radius are integrated and they are receiving 
the wind speed V, V, V. . . . , V, respectively. The 
rotational speed of the turbines will be (), (), (), . . . , (), 
correspondingly. Designating the mechanical power cap 
tured by the first turbine from the wind flow as P, then P 
can be expressed as, 

P=%p LR-V, C. (1) 
where, p-air density, R-radius of the turbine blades, and 
C.O.?3)-Betz constant or power coefficient. Designating the 
mechanical torque produced by the first turbine as T, then, 

(2) 

Designating the mechanical torques produced by the rest of 
the turbines as t t . . . , t, respectively, then similar to 
(2), they can be expressed as follows, 
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t=%pt-R’. Vs. C/cos (4) 

Now, designating the total torque accumulated by all the 
turbines as t, then, 

(6) 

where k is defined as the loss factor due to the connection 
of multiple turbines which will be dependent on the weight 
of chain, distance between the consecutive turbines, aero 
dynamics of wind, land scape type of the wind site, and 
similar factors. 
Now, putting the values oft. T., T., .. 

get, 

total 

... t, in (6), we can 

1 7 p. tr. V., C / co2 + (7) = k . l . (R.V.,. C toti F p 7t w p/col + 5 2 

1 2 3 1 2 3 
5 p-tR V, C, ?o; +...+ 5. p tR V, Cp f (on 

1 V. V. V. = k . . . o. It R. C. 1 + 2 + 3 +... 5 p. It - (O2 (03 

If all the turbines are set at the same height, it may be 
assumed that VVV. . . . =V-V. Also, the 
rotational speed of all the wind turbines will be the same, as 
all the wind turbines will be coupled together. Therefore, we 
can also assume that, () ()() = ... (), (), where () is the 
rotational speed of all the wind turbines in rad/s. 
Now, Equation (7) can be simplified as follows, 

1 V. V V8 V (8) to -kip R C (+++. 
1 2 3 = k is p-tR C. n. Vi?co 

Finally, comparing (2) and (8), it is clearly found that the 
generated torque will be increased by kn' times when 
multiple turbines are connected together, and Subsequently 
the electric power generation by a single unit generator will 
be increased. The system is applicable to both the fixed 
speed and variable speed wind generator systems. 

Thus, it should be understood that the embodiments and 
examples described herein have been chosen and described 
in order to best illustrate the principles of the invention and 
its practical applications to thereby enable one of ordinary 
skill in the art to best utilize the invention in various 
embodiments and with various modifications as are Suited 
for particular uses contemplated. Even though specific 
embodiments of this invention have been described, they are 
not to be taken as exhaustive. There are several variations 
that will be apparent to those skilled in the art. 

5 

10 

15 

25 

30 

35 

40 

45 

50 

6 
What is claimed is: 
1. An apparatus, comprising: 
two or more wind turbines in a series, each wind turbine 

separately comprising a nacelle with vertically rotating 
blades Supported on a separate vertical tower extending 
from the nacelle to the ground; 

further wherein each wind turbine is mechanically con 
nected to one or more adjacent turbines. 

2. The apparatus of claim 1, further comprising an elec 
trical generator, mechanically connected to one of said wind 
turbines. 

3. The apparatus of claim 2, wherein one or more of said 
wind turbines do not have electrical generators in or on the 
wind turbine. 

4. The apparatus of claim 2, further wherein energy 
generated by each wind turbine is accumulated by the 
electrical generator. 

5. The apparatus of claim 2, wherein the wind turbines 
generate energy at wind speeds below 4 m/s or 9 mph. 

6. The apparatus of claim 2, wherein said electrical 
generator is not located in or on any of the wind turbines. 

7. The apparatus of claim 6, wherein said electrical 
generator is located on the ground, or on a generator 
platform on the ground. 

8. The apparatus of claim 2, wherein said electrical 
generator is located in or on one of said wind turbines. 

9. The apparatus of claim 1, wherein the mechanical 
connection between adjacent wind turbines comprises one or 
more sprockets, chainwheels, cranks or pulleys on each 
turbine, and a chain or cable connecting said one or more 
sprockets, chainwheels, cranks or pulleys. 

10. A method of generating energy, comprising: 
mechanically connecting two or more wind turbines in a 

series, each wind turbine separately comprising a 
nacelle with vertically rotating blades Supported on a 
separate vertical tower extending from the nacelle to 
the ground; further wherein each wind turbine is con 
nected to one or more adjacent turbines; and 

mechanically connecting an electrical generator to one of 
said wind turbines; 

wherein energy generated by each wind turbine is accu 
mulated by the electrical generator. 

11. The method of claim 10, wherein the wind turbines 
generate energy at wind speeds below 4 m/s or 9 mph. 

12. The method of claim 10, wherein said electrical 
generator is located on the ground, or on a generator 
platform on the ground. 

13. The method of claim 10, wherein said electrical 
generator is located in or on one of said wind turbines. 

14. The method of claim 10, wherein one or more of said 
wind turbines do not have electrical generators in or on the 
wind turbine. 


